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Aims While mineralocorticoid receptor antagonists (MRAs) have been shown to benefit patients with reduced left ventricu-
lar ejection fraction (LVEF), spironolactone did not reduce the primary endpoint of cardiovascular death, heart failure
hospitalization, or aborted cardiac arrest in patients with heart failure with preserved ejection fraction (HFpEF) in the
TOPCAT trial, which enrolled patients with LVEF of 45% or greater. We utilized data from TOPCAT to assess the
relationship between LVEF as well as outcomes and efficacy of spironolactone.

Methods
and results

We assessed differences in baseline characteristics and outcomes across LVEF categories in 3444 patients with HFpEF,
and determined whether LVEF modified the treatment effect of spironolactone. Ejection fraction ranged from 44 to
85%. Patients with higher ejection fraction were older, more likely to be female, less likely to have a history of myocar-
dial infarction, and more likely to have a history of hypertension and diabetes. The incidence of the primary endpoint
and cardiovascular death was highest in patients at the lower end of the ejection fraction spectrum. Ejection fraction
modified the spironolactone treatment effect, particularly in the patients enrolled in the Americas, for the primary out-
come (P ¼ 0.046) and for heart failure hospitalization (P ¼ 0.039), with stronger estimated benefits of spironolactone
at the lower end of the ejection fraction spectrum with respect to the primary endpoint (LVEF ,50%: HR 0.72, 95% CI
0.50, 1.05; LVEF ≥60%: HR 0.97, 95% CI 0.76, 1.23) and heart failure hospitalization (LVEF ,50%: HR 0.76, 95% CI 0.46,
1.27; LVEF ≥60%: HR 0.98, 95% CI 0.74, 1.30).

Conclusion In patients with HFpEF enrolled in TOPCAT, patient characteristics and outcomes varied substantially by LVEF. The
potential efficacy of spironolactone was greatest at the lower end of the LVEF spectrum.
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Introduction
Heart failure with preserved ejection fraction (HFpEF) is associated
with substantial morbidity and mortality, and to date no clinical out-
come trials have definitively shown benefit with any therapy.1 The
definition of ‘preserved’ ejection fraction has been subject to debate

and has varied among trials of HFpEF, ranging from ≥40 to ≥55%.2,3

As a consequence, these studies have included patients with left
ventricular ejection fraction (LVEF) well below the normal range. Al-
though ejection fraction is an important predictor of outcomes in
patients with heart failure with reduced ejection fraction (HFrEF),
LVEF becomes less prognostic when higher than 40–45%.4,5 The
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extent to which the effectiveness of therapies for HFpEF is modified
by LVEF is unclear.

The recently completed TOPCAT trial enrolled HFpEF patients
with LVEF ≥45%.6 Spironolactone did not reduce the primary out-
come of heart failure hospitalization, cardiovascular death, or
aborted cardiac arrest, but was associated with reduced hospitaliza-
tion for heart failure.7 Left ventricular ejection fraction above or

below 50%, or above or below the median, were two of several pre-
specified subgroups, and we did not observe any heterogeneity
based on these cut-off, although the number of patients with
LVEF ,50% in TOPCAT was low. We therefore sought to deter-
mine whether efficacy of spironolactone varied by left ventricular
ejection fraction assessed continuously.

Methods

Patients
TOPCAT enrolled patients with HFpEF (LVEF ≥45%), who had either
had a hospitalization within the past year for which heart failure was a
major component, or had an elevated natriuretic peptide level (BNP
.150 or NT-proBNP .360). Patients were eligible if they were
50 years of age or older, with at least one sign and one symptom of heart
failure, controlled blood pressure, and a serum potassium level of
,5.0 mmol/L. Patients were randomized to spironolactone (titrated
to 45 mg/day if tolerated) or placebo and followed for a median of
3.4 years. The detailed study design as well as inclusion and exclusion
criteria have been previously described,5 as have the primary results.6

Exposure and outcomes
Left ventricular ejection fraction was available in 3444 patients at
baseline. Ejection fraction for enrolment was determined at the sites
by either echocardiography or radionuclide ventriculography, and

Figure 1 Distribution of ejection fractions.
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Table 1 Baseline characteristics by the EF group

EF <50%
(N 5 520)

EF 50–54.99%
(N 5 712)

EF 55–59.99%
(N 5 879)

EF ≥60%
(N 5 1333)

P-value

Age (years) 66+9 68+10 68+9 70+10 ,0.001

Female gender 190 (36.5%) 345 (48.5%) 449 (51.1%) 791 (59.3%) ,0.001

Black race 38 (7.3%) 52 (7.3%) 74 (8.4%) 138 (10.4%) 0.05

Region

Americas 197 (38%) 289 (41%) 422 (48%) 858 (64%) ,0.001

Russia/Georgia 323 (62%) 423 (59%) 457 (52%) 475 (36%)

Systolic BP (mmHg) 128+14 129+13 129+14 130+14 0.12

Diastolic BP (mmHg) 78+10 77+10 76+10 74+11 ,0.001

History of HF hospitalization 374 (71.9%) 537 (75.4%) 662 (75.5%) 916 (68.7%) ,0.001

History of myocardial infarction 230 (44.2%) 200 (28.1%) 192 (21.9%) 271 (20.3%) ,0.001

History of hypertension 450 (86.5%) 643 (90.3%) 803 (91.6%) 1251 (93.8%) ,0.001

History of diabetes 149 (28.7%) 195 (27.4%) 285 (32.5%) 489 (36.7%) ,0.001

NYHA class

1 18 (3.5%) 21 (2.9%) 23 (2.6%) 47 (3.5%) 0.18

2 318 (61.2%) 474 (66.6%) 580 (66.2%) 822 (61.8%)

3 181 (34.8%) 217 (30.5%) 268 (30.6%) 455 (34.2%)

4 3 (0.6%) 0 (0.0%) 5 (0.6%) 7 (0.5%)

Heart rate (b.p.m.) 69.98+10.17 69.49+9.89 69.58+10.12 68.16+10.86 ,0.001

Body mass index (mg/m2) 31.5+7.2 31.2+6.6 32.1+7.3 32.9+7.5 ,0.001

ACE/ARB 458 (88.1%) 620 (87.1%) 749 (85.3%) 1073 (80.6%) ,0.001

Beta-blockers 407 (78.3%) 577 (81.0%) 682 (77.7%) 1010 (75.8%) 0.06

Diuretics 396 (76.2%) 603 (84.7%) 717 (81.7%) 1101 (82.7%) 0.001

eGFR (mL/min/1.78 m2) 69.6+19.9 68.0+21.4 68.0+19.9 66.5+19.6 0.021

EF, ejection fraction; BP, blood pressure; HF, heart failure; ACE/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; eGFR, estimated glomerular
filtration rate.
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measurement methods were not specified by the protocol. The primary
outcome was a composite of cardiovascular death, aborted cardiac ar-
rest, or hospitalization for heart failure. All endpoints were adjudicated
centrally by a clinical endpoint committee blinded to treatment assign-
ment using prespecified criteria.

Statistical methods
Patients were categorized into four groups based on ejection fraction:
,50, 50–54.9, 55–59.9, and .60%, although interaction analyses are
based on LVEF as a continuous variable. Baseline characteristics were
summarized for each group, and trend tests were conducted using linear
regression and x2 tests to examine trends in continuous and binary data,
respectively. All analyses were performed using the primary endpoint,
the components of heart failure hospitalization and cardiovascular
death, and all-cause death. Incidence rates were calculated for each end-
point across LVEF categories, and hazard ratios using the Cox propor-
tional hazards model with the LVEF.60% group serving as the referent
group. Multivariable models were adjusted for the following covariates:
enrolment stratum and region (Americas vs. Russia/Georgia), age, race,

NYHA class (1–2 vs. 3–4), smoking status, diabetes status, creatinine,
heart rate, QRS duration, history of atrial fibrillation, history of periph-
eral artery disease, and treatment assignment. Owing to previously
noted substantial regional differences in patient demographics, out-
comes, and response to spironolactone, these analyses were also con-
ducted separately for patients enrolled in the Americas (n ¼ 1766) and
for those enrolled in Russia/Georgia (n ¼ 1678).8 Estimates and 95%
confidence intervals obtained from Poisson regression models using
restricted cubic splines with four knots were used to plot the flexible
relationship between ejection fraction as a continuous variable and
the incidence of each endpoint. We assessed treatment effect modifica-
tion for LVEF as a linear continuous variable using Cox proportional
hazards models and Poisson regression models. Treatment effects
were assessed without further adjustment for covariates.

Results
Ejection fraction in TOPCAT ranged from 44 to 85% (mean 57.1%,
median 56%, IQR [51, 61%]) (Figure 1). Baseline characteristics
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Table 2 Event rates and crude and adjusted hazard ratios for primary endpoint, heart failure hospitalization,
cardiovascular death, and all-cause death by the ejection fraction group

All patients (N 5 3444) Ejection fraction group Continuous
LVEF 3 treatment
interactionEF <50%

(N 5 520)
EF 50–54.99%
(N 5 712)

EF 55–59.99%
(N 5 879)

EF ≥60%
(N 5 1333)

Primary endpoint

Event rate (per 100
patient-years)

7.2 (6.0, 8.7) 6.0 (5.0, 7.0) 5.5 (4.7, 6.4) 6.7 (5.9, 7.5)

HR (unadjusted) 1.09 (0.88, 1.36) 0.92 (0.75, 1.13) 0.84 (0.69, 1.02) Referent

HR (adjusteda) 1.37 (1.09, 1.72) 1.19 (0.97, 1.47) 1.02 (0.83, 1.25) Referent

Treatment effect (HR) 0.72 (0.50, 1.05) 0.85 (0.61, 1.18) 0.94 (0.68, 1.29) 0.97 (0.76, 1.23) P ¼ 0.046

HF hospitalization

Event rate (per 100
patient-years)

3.8 (2.9, 5.0) 4.1 (3.3, 5.0) 3.7 (3.0, 4.5) 4.9 (4.2, 5.6)

HR (unadjusted) 0.79 (0.59, 1.06) 0.88 (0.69, 1.12) 0.78 (0.62, 1.00) Referent

HR (adjusteda) 1.06 (0.79, 1.44) 1.20 (0.93, 1.53) 0.96 (0.75, 1.23) Referent

Treatment effect (HR) 0.76 (0.46, 1.27) 0.70 (0.47, 1.04) 0.73 (0.49, 1.08) 0.98 (0.74, 1.30) P ¼ 0.039

CV death

Event rate (per 100
patient-years)

4.1 (3.2, 5.2) 2.8 (2.2, 3.6) 2.7 (2.2, 3.3) 2.7 (2.2, 3.2)

HR (unadjusted) 1.53 (1.13, 2.06) 1.04 (0.77, 1.39) 0.98 (0.74, 1.31) Referent

HR (adjusteda) 1.86 (1.35, 2.55) 1.24 (0.91, 1.67) 1.19 (0.89, 1.59) Referent

Treatment effect (HR) 0.69 (0.43, 1.12) 0.95 (0.60, 1.51) 1.09 (0.70, 1.68) 0.90 (0.62, 1.29) P ¼ 0.61

Death

Event rate (per 100
patient-years)

5.6 (4.5, 6.8) 4.0 (3.3, 4.8) 4.3 (3.6, 5.0) 4.3 (3.7, 4.9)

HR (unadjusted) 1.30 (1.02, 1.66) 0.92 (0.72, 1.17) 0.99 (0.79, 1.24) Referent

HR (adjusteda) 1.70 (1.31, 2.20) 1.13 (0.88, 1.44) 1.21 (0.96, 1.52) Referent

Treatment effect (HR) 0.73 (0.49, 1.10) 0.96 (0.66, 1.41) 1.09 (0.78, 1.53) 0.88 (0.66, 1.17) P ¼ 0.99

The treatment by ejection fraction interaction with LVEF modelled continuously is shown for each endpoint.
HR, hazard ratio; HF, heart failure; CV, cardiovascular; EF, ejection fraction; LVEF, left ventricular ejection fraction.
aAdjusted for region of enrolment, NYHA class, diabetes status, creatinine, heart rate, age, race, smoking status, QRS duration, enrolment stratum, atrial fibrillation, peripheral
arterial disease, and assignment to spironolactone vs. placebo.
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varied considerably by ejection fraction (Table 1). Patients in higher
ejection fraction categories were older, more likely to be female,
less likely to have a history of myocardial infarction, and more likely
to have a history of hypertension and diabetes. Both heart rate and
BMI were slightly higher in those with higher ejection fraction.
NYHA functional class did not differ by EF. Patients with higher EF
were more likely to have reduced diastolic blood pressure, although
systolic blood pressure did not differ. Patients with higher ejection
fraction were less likely to be on angiotensin converting enzyme
inhibitor/angiotensin receptor blocker, and more likely to be trea-
ted with diuretics. A substantially higher proportion of patients
with a higher LVEF were enrolled in the USA, Canada, Argentina,
and Brazil, and a substantially higher proportion of patients with
lower LVEF were enrolled in Russia and the Republic of Georgia.

The incidence of the primary endpoint, heart failure hospitaliza-
tion, cardiovascular death, and non-cardiovascular death is shown
for each LVEF category in Table 2. Figure 2 shows adjusted incidence
rates for the same endpoints across the continuous LVEF spectrum.
The crude incidence rate of the primary endpoint and cardiovascu-
lar death was highest in patients at the lower end of the ejection frac-
tion spectrum. In contrast, the crude incidence rate of heart failure
hospitalization was highest in those with an ejection fraction of 60%
or greater, though this observation is no longer apparent after ad-
justment for geographic region (Tables 3 and 4). With adjustment
for baseline covariates (Figure 2), the incidence of the primary com-
posite endpoint, cardiovascular death, and all-cause death varied by
ejection fraction in a cubic spline model, with the adjusted incidence
of cardiovascular death declining rapidly until an LVEF of �55%.

Similarly, the incidence of cardiovascular death was highest in the
group of patients with ejection fraction ,50% and was similar
across the spectrum above 50%. Results were similar when adjusting
for baseline covariates. Heart failure hospitalization did not vary
by ejection fraction after adjustment for covariates in the overall
population, but LVEF was found to be independently associated
with heart failure hospitalization in the Russia/Georgia cohort
(Table 4).

Ejection fraction modified the spironolactone treatment effect
for the primary outcome and for heart failure hospitalization in
the overall cohort (Table 2 and Figure 3). Patients with LVEF at the
lower end of the spectrum were more likely to benefit from spir-
onolactone with respect to the primary endpoint (interaction P ¼
0.046) and heart failure hospitalization (interaction P ¼ 0.039).
These treatment interactions were most prominent in the patients
enrolled in the Americas (P ¼ 0.069 for primary endpoint and P ¼
0.037 for HF hospitalization), and were also apparent in models ad-
justing for region-by-treatment and region-by-LVEF interactions
(interaction P ¼ 0.043 for primary endpoint and P ¼ 0.093 for HF
hospitalization). Treatment–LVEF interactions for both the primary
outcome and for heart failure hospitalization were somewhat more
pronounced in males (P ¼ 0.01 for each outcome) than in females
(interaction P . 0.80 for each outcome; Figure 4). Tests of whether
the modification of treatment effect by LVEF further differed by gen-
der were marginally significant (three-way interaction P ¼ 0.077 and
0.089 for primary and heart failure hospitalization, respectively). We
observed no treatment interaction by LVEF for the component
endpoint of cardiovascular death (P ¼ 0.61).

Figure 2 Multivariable adjusted incidence rate (per 100 patient-years) by left ventricular ejection fraction for primary endpoint (upper left,
P ¼ 0.02), heart failure hospitalization (upper right, P ¼ 0.79), cardiovascular death (lower left, P ¼ 0.002), and all-cause death (lower right,
P ¼ 0.004).
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Discussion
In patients with HFpEF enrolled in TOPCAT, we observed marked
differences in baseline characteristics based on LV ejection fraction
within the preserved range. Patients at the lower end of the LVEF
spectrum were more likely to experience a primary endpoint [car-
diovascular (CV) death, HF hospitalization, or resuscitated sudden
death], which was mostly due to an increased risk of CV death in
those patients. The potential benefit of spironolactone with respect
to the primary outcome and HF hospitalization was greatest in pa-
tients at the lower end of the LVEF spectrum, although this relation-
ship appeared to be most apparent in men. These findings were
most prominent in those enrolled in the Americas.

Heart failure with preserved ejection fraction has traditionally
been considered a heterogeneous population and the definition of

‘preserved’ has been debated. Evidence-based therapies for HF have
been confined to HFrEF, defined by LVEF ,40%. The term ‘pre-
served ejection fraction’ was originally coined to define the group
above 40%,2 although more recent guidelines have used 45% and
greater to define HFpEF. Nevertheless, the American Society of
Echocardiography defines normal LV ejection fraction as 55% or
greater.9 The extent to which HF patients with ejection fractions be-
low 55% behave more like patients with reduced ejection fraction or
preserved ejection fraction remains unclear. Still we noted substan-
tial baseline differences in these patients based on ejection fraction
and greater heterogeneity in baseline characteristics based on ejec-
tion fraction than has been previously reported in HFpEF. The most
notable differences based on LVEF were a higher proportion of
female patients, with a mean LVEF that was nearly three points high-
er in women than in men. A history of myocardial infarction was
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Table 3 Event rates and crude and adjusted hazard ratios for primary endpoint, heart failure hospitalization,
cardiovascular death, and all-cause death by the ejection fraction group for patients enrolled in the Americas

Americas (N 5 1766) Ejection fraction group Continuous
LVEF 3 treatment
interactionEF <50%

(N 5 197)
EF 50–54.99%
(N 5 289)

EF 55–59.99%
(N 5 422)

EF ≥60%
(N 5 858)

Primary endpoint

Event rate (per 100
patient-years)

13.8 (10.8, 17.6) 13.3 (10.9, 16.3) 11.6 (9.7, 13.9) 10.4 (9.1, 11.7)

HR (unadjusted) 1.31 (0.99, 1.72) 1.28 (1.01, 1.62) 1.12 (0.90, 1.39) Referent

HR (adjusteda) 1.08 (0.81, 1.44) 1.13 (0.89, 1.44) 1.05 (0.84, 1.31) Referent

Treatment effect
(HR)

0.55 (0.33, 0.91) 0.83 (0.56, 1.25) 0.85 (0.60, 1.21) 0.89 (0.69, 1.15) P ¼ 0.069

HF hospitalization

Event rate (per 100
patient-years)

9.1 (6.7, 12.3) 10.7 (8.6, 13.4) 8.8 (7.2, 10.8) 8.1 (7.0, 9.3)

HR (unadjusted) 1.10 (0.79, 1.54) 1.32 (1.02, 1.72) 1.09 (0.85, 1.40) Referent

HR (adjusteda) 0.91 (0.65, 1.28) 1.14 (0.87, 1.50) 1.00 (0.77, 1.28) Referent

Treatment effect
(HR)

0.60 (0.32, 1.10) 0.80 (0.51, 1.25) 0.70 (0.47, 1.06) 0.95 (0.71, 1.26) P ¼ 0.037

CV death

Event rate (per 100
patient-years)

6.5 (4.6, 9.0) 4.4 (3.2, 6.1) 4.6 (3.5, 5.9) 3.6 (3.0, 4.4)

HR (unadjusted) 1.83 (1.24, 2.71) 1.22 (0.84, 1.78) 1.26 (0.91, 1.76) Referent

HR (adjusteda) 1.65 (1.10, 2.49) 1.08 (0.74, 1.59) 1.27 (0.91, 1.78) Referent

Treatment effect
(HR)

0.46 (0.23, 0.94) 0.76 (0.40, 1.45) 0.97 (0.57, 1.64) 0.73 (0.49, 1.10) P ¼ 0.93

Death

Event rate (per 100
patient-years)

10.4 (8.1, 13.5) 7.2 (5.6, 9.2) 7.7 (6.3, 9.4) 6.1 (5.2, 7.1)

HR (unadjusted) 1.77 (1.31, 2.39) 1.18 (0.88, 1.57) 1.28 (0.99, 1.64) Referent

HR (adjusteda) 1.62 (1.19, 2.23) 1.03 (0.77, 1.38) 1.26 (0.98, 1.63) Referent

Treatment effect
(HR)

0.58 (0.34, 0.99) 0.92 (0.56, 1.50) 1.12 (0.75, 1.66) 0.75 (0.55, 1.03) P ¼ 0.54

The treatment by ejection fraction interaction with LVEF modelled continuously is shown for each endpoint.
HR, hazard ratio; HF, heart failure; CV, cardiovascular; EF, ejection fraction; LVEF, left ventricular ejection fraction.
aAdjusted for NYHA class, diabetes status, creatinine, heart rate, age, race, smoking status, QRS duration, enrolment stratum, atrial fibrillation, peripheral arterial disease, and
assignment to spironolactone vs. placebo.
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substantially lower in patients at the upper end of the EF range,
suggesting that ischaemic heart disease may have contributed
substantially to the aetiology of heart failure in those patients with
LVEF under 50%.

Patients with LVEF under 50% demonstrated higher rates of car-
diovascular death than those in the upper LVEF range, although rates
of heart failure hospitalization were similar. Indeed, HF hospitaliza-
tion rates were greater in the highest LVEF groups. When adjusted
for baseline covariates most predictive of the primary outcome, we
observed an increased risk of CV death but not HF hospitalization in
the lower LVEF groups compared with the highest LVEF group. One
possible explanation for this difference might be competing risk,
given that patients who died were unavailable to have an HF
hospitalization.

We found that the effect of spironolactone on the primary out-
come and heart failure hospitalization varied by baseline LV ejection
fraction such that the greatest potential benefit was observed in pa-
tients at the lower end of the LVEF spectrum. We had previously
reported no heterogeneity by LVEF based on the prespecified

subgroup of patients above and below an LVEF of 50%,6 an analysis
that was limited by the small number of patients with LVEF ,50%,
and for the subgroup of patients above and below the median LVEF.
While the interaction P-values were not significant for either of
these analyses, the point estimates were both in favour of spirono-
lactone in the lower EF groups and close to 1 in the placebo groups.
Assessment of the relationship between LVEF and treatment effect
in a more continuous fashion provides greater power to assess
modification of treatment effect by ejection fraction. Mineralocor-
ticoid receptor antagonists (MRAs) have been shown to benefit
patients with LVEF ,40% in the RALES,10 EMPHASIS-HF,11 and
EPHESUS12 trials. While TOPCAT (with only 520 patients with
LVEF ,50%) was underpowered to demonstrate a treatment effect
in this lower group, the hazard ratios for the primary outcome, car-
diovascular death, and HF hospitalization are similar to those ob-
served in reduced LVEF trials with MRAs, suggesting that patients
in this range may behave more similarly to those with HFrEF than
with higher ejection fractions.13 These data are consistent with
analyses from CHARM-preserved,14 in which patients in the LVEF
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Table 4 Event rates and crude and adjusted hazard ratios for primary endpoint, heart failure hospitalization,
cardiovascular death, and all-cause death by the ejection fraction group for patients enrolled in Russia/Georgia

Russia/Georgia
(N 5 1678)

Ejection fraction group Treatment 3 EF
interaction

EF <50%
(N 5 323)

EF 50–54.99%
(N 5 423)

EF 55–59.99%
(N 5 457)

EF ≥60%
(N 5 475)

Primary endpoint

Event rate (per 100
patient-years)

4.5 (3.4, 5.9) 2.7 (2.0, 3.6) 1.7 (1.2, 2.5) 1.6 (1.1, 2.3)

HR (unadjusted) 2.88 (1.79, 4.64) 1.75 (1.08, 2.84) 1.12 (0.66, 1.89) Referent

HR (adjusteda) 2.38 (1.45, 3.91) 1.76 (1.08, 2.87) 1.23 (0.72, 2.09) Referent

Treatment effect (HR) 0.84 (0.48, 1.48) 1.26 (0.69, 2.32) 1.12 (0.55, 2.29) 1.26 (0.58, 2.73) P ¼ 0.37

HF hospitalization

Event rate (per 100
patient-years)

1.6 (1.0, 2.5) 1.1 (0.7, 1.7) 0.5 (0.3, 1.0) 0.4 (0.2, 0.9)

HR (unadjusted) 3.67 (1.52, 8.84) 2.73 (1.14, 6.53) 1.28 (0.47, 3.42) Referent

HR (adjusteda) 2.50 (0.99, 6.32) 2.67 (1.10, 6.49) 1.38 (0.51, 3.74) Referent

Treatment effect (HR) 0.92 (0.35, 2.38) 0.81 (0.32, 2.04) 0.56 (0.14, 2.25) 0.44 (0.08, 2.25) P ¼ 0.20

CV death

Event rate (per 100
patient-years)

3.0 (2.2, 4.2) 2.0 (1.4, 2.8) 1.4 (0.9, 2.0) 1.2 (0.8, 1.9)

HR (unadjusted) 2.44 (1.42, 4.20) 1.61 (0.94, 2.78) 1.09 (0.61, 1.96) Referent

HR (adjusteda) 2.09 (1.19, 3.70) 1.58 (0.91, 2.73) 1.19 (0.66, 2.14) Referent

Treatment effect (HR) 0.93 (0.47, 1.82) 1.46 (0.72, 2.96) 1.33 (0.60, 2.97) 1.78 (0.74, 4.30) P ¼ 0.16

Death

Event rate (per 100
patient-years)

3.3 (2.4, 4.5) 2.3 (1.7, 3.1) 1.8 (1.3, 2.6) 1.6 (1.1, 2.3)

HR (unadjusted) 2.10 (1.30, 3.42) 1.46 (0.90, 2.36) 1.16 (0.71, 1.92) Referent

HR (adjusteda) 1.78 (1.07, 2.97) 1.46 (0.89, 2.38) 1.27 (0.77, 2.11) Referent

Treatment effect (HR) 0.88 (0.47, 1.65) 1.35 (0.71, 2.56) 0.89 (0.45, 1.76) 1.49 (0.71, 3.16) P ¼ 0.39

The treatment by ejection fraction interaction with LVEF modelled continuously is shown for each endpoint.
HR, hazard ratio; HF, heart failure; CV, cardiovascular; EF, ejection fraction.
aAdjusted for NYHA class, diabetes status, creatinine, heart rate, age, race, smoking status, QRS duration, enrolment stratum, atrial fibrillation, peripheral arterial disease, and
assignment to spironolactone vs. placebo.

S.D. Solomon et al.460



40–50% range showed greater benefit from candesartan than those
with LVEF ≥50%.

The finding that patients with ejection fraction over �60% derived
minimal benefit from spironolactone suggests that the potential
mechanism of benefit of spironolactone in HFpEF may be different
from a presumed improvement in cardiac structure and reversal of fi-
brosis, but may be a neurohormonal benefit in patients with activation
of the RAAS due to a mild increase in plasma volume, as is the case in
those with reduced LVEF. This notion is consistent with data from the

smaller TOPCAT echocardiographic substudy, showing that left ven-
tricular end-diastolic volume increased with declining LVEF.15

Whether similar findings would be observed with other therapies
in the HFpEF population is unclear, and we cannot determine if these
results are unique to spironolactone or would be more generalizable.
Nevertheless, future HFpEF studies should anticipate potential differ-
ences in therapeutic efficacy at different ends of the LVEF spectrum.

The finding that the observed EF– treatment interaction was
most pronounced in males was unexpected. While the overall haz-
ard ratios were similar between men and women in TOPCAT, the
treatment effect was essentially flat across the EF spectrum in wo-
men, and varied dramatically across the EF spectrum in men, such
that men in the lower EF range of TOPCAT behaved more similarly
to patients with HFrEF. Whether these findings reflect differences in
the pathophysiology of HFpEF in men and women or whether they
simply reflect inclusion biases remains to be determined.

Some limitations of this analysis should be noted. Ejection frac-
tions were measured at the sites in TOPCAT and verified on a per-
centage of enrolled subjects by the core laboratory. Nevertheless,
these site-derived ejection fractions are typically used to make treat-
ment decisions in HF patients. Because TOPCAT failed to achieve its
primary endpoint, these results need to be considered hypothesis-
generating as with any post hoc subgroup analysis. Indeed, because
the overall finding in TOPCAT was negative, we do not believe
that these results should guide treatment, but do have pathophysio-
logical implications and could potentially be informative for the de-
sign and analysis of future HFpEF trials. Nevertheless, similar post hoc
analyses in CHARM show that there was a limited benefit in the

Figure 4 Treatment effect for the primary outcome in men
(blue) and women (red). Pinteraction ¼ 0.077.

Figure 3 Treatment effect as a function of ejection fraction for primary outcome (upper left panel), heart failure hospitalization (upper right
panel), and cardiovascular death (lower panel). Dashed lines represent 95% confidence intervals.
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upper end of the ejection fraction scale. Taken together, these data
suggest that RAAS blockade alone may have limited benefit in heart
failure patients with supra-normal ejection fractions. We have re-
ported substantial geographic variation in baseline characteristics
and event rates in TOPCAT, with patients in Russia and the Republic
of Georgia demonstrating far lower overall event rates than those in
the Americas.7 This analysis has thus stratified by region in order to
ensure that these findings are apparent in the group of patients most
likely to have clinical heart failure, although within each region, the
lower sample size further limits our power.

In summary, we found that baseline characteristics in HFpEF vary
by LV ejection fraction, and that notably, a much higher percentage
of women were present in the upper LVEF categories. Moreover,
the treatment effect of spironolactone, while null overall in TOP-
CAT, appeared to vary by ejection fraction, with virtually no benefit
observed in patients with LVEF over 65%, an effect that was most
apparent in men. These hypothesis-generating findings suggest
that the potential benefit of spironolactone in HFpEF, if any, may
be greatest in patients on the lower end of the HFpEF LVEF spec-
trum and with pathophysiology that most resembles HFrEF.
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